Background: The size of the baseplate used in reverse total shoulder arthroplasty (RTSA) tends to be larger than the average size of the glenoid in the Korean population. The mismatch between the sizes of the baseplate and the patient's glenoid may result in improper fixation of the glenoid baseplate. This in turn may lead to the premature loosening of the glenoid component. Thus, we evaluated the short-term results of using a 25-mm baseplate in RTSA. Methods: Seventeen patients with cuff tear arthropathy underwent RTSA with a 25-mm baseplate. The mean age of the patients was 70.1 years, and the mean follow-up period was 14.0 months. We evaluated clinical outcomes preoperatively and postoperatively: the range of shoulder motion, the American Shoulder and Elbow Surgeons (ASES) score, and the Korean Shoulder Society (KSS) score. Results: We found that the mean ASES score and KSS improved from 35.0 to 74.4 (p<0.001) and from 46.9 to 71.8 (p<0.001) with RTSA. The mean forward elevation and abduction, external rotation also improved from 78.6° to 134.3° (p<0.05) and from 66.6° to 125.0° (p<0.05), from 20.2° to 28.4° (p=0.43). Postoperative complications were seen in 12% of patients, but neither the loosening of the glenoid baseplate nor inferior scapular notching were observed. Conclusions: In sum, the results of using a 25-mm baseplate in RTSA were similar to those of previous reports. Even though the outcomes are those of a short-term follow-up, neither the loosening of the glenoid baseplate nor the scapular notching were observed. (Clin Shoulder Elbow 2015;18(4):242-247) 
Introduction
Rotator cuff arthropathies and massive irreparable tears of the rotator cuff are two of the most challenging works encountered by orthopedic surgeons. Arthroscopic debridement, subacromial decompression, partial repair, tendon transfer, and total shoulder arthroplasty have been used for the surgical treatment of these lesions. [1] [2] [3] [4] [5] [6] For total shoulder arthroplasty, the traditional total shoulder arthroplasty provides relief of pain, but to anticipate a satisfactory clinical outcome is difficult, for the dysfunctional rotator cuff places an eccentric glenoid wear that may lead to premature loosening of the glenoid component. [7] [8] [9] In 1985, Grammont proposed reverse total shoulder arthroplasty (RTSA) as a treatment for rotator cuff deficiency. The principle of RTSA is that it displaces the center of rotation medially and distally to increase the leverage of the deltoid muscle and to enhance the stability of the prosthesis. Past studies have proven that patients present with favorable clinical outcomes at the early and at the intermediate follow-ups following RTSA. [10] [11] [12] [13] However, RTSA have been associated with complications such as hematoma, infection, scapular notching, instability, acromial fractures, and component loosening at a high rate. [14] [15] [16] Especially, scapular notching and loosening of the glenoid baseplate are the most common complications associated with RTSA; the prevalence of scapular notching in RTSA patients has been reported to be 0% to 96%, and that of glenoid baseplate loosening to be 0.4% to 11.2%.
to be large for the average glenoid in Asian patients. The resulting mismatch in size leads to insufficient fixation of the glenoid baseplate by the employment of current screws and, thereby, to premature loosening of the glenoid baseplate. 18) To address this issue, the authors investigated the effect of RTSA using a smaller than the orthodox glenoid baseplate on the short-term clinical and radiological outcomes in patients with rotator cuff arthropathy or with massive irreparable rotator cuff tears. In addition, we report the mean glenoid size of the Korean patients.
Methods
Between February 2011 and March 2014, we treated a total of 41 patients with either rotator cuff arthropathy (Fig. 1) or a massive irreparable rotator cuff tear (Fig. 2 ) using RTSA and a 25-mm baseplate (Aequalis Reverse Shoulder; Tornier, Edina, MN, USA). Of the 41 patients, the 20 patients who were able to participate in at least a 1-year follow-up of clinical and radiological examinations were enrolled. We excluded the 2 patients with severe glenoid deficit, in whom we performed a parallel Latarjet procedure, and 1 patient who had a glenoid nonunion due to a previous trauma, giving a total of 17 patients who were enrolled in our study. The mean age of the patients at the time of surgery was 70.1 ± 5.1 years (range, 61-78 years), and the mean duration of follow-up was 14.0 ± 5.81 months (range, 12-28 months). The study comprised 2 men and 15 women, and the arthropathy involved the left arm in 4 patients and the right arm in 13 patients. Three patients complained of persistent pain, and we diagnosed their symptoms as a retear of a past cuff tear, for which they had all received an arthroscopic repair; these patients were still included in this study.
In all the patients, we used the deltopectoral approach for RTSA. We detached the subscapularis muscle and the anterior capsule from their site of attachment, after which we inserted the prosthesis and sutured the incision ensuring that they were re-attached anatomically. Following humeral preparation, we made a partial incision of the capsule and removed the remnant labrum so that the glenoid could be exposed entirely. Then, we positioned the baseplate in a way that allows maximal posterior tilt of the glenoid and so that it can be positioned inferiorally. In all the patients, we used a 25-mm glenoid baseplate and a 36-mm glenosphere, and for the stabilization of the glenoid baseplate we secured it with 4 screws. After drainage and wound repair, we immobilized the patient's shoulder using an abduction brace. We restricted active shoulder motion and only allowed motion of the elbow, wrist, and hand. We allowed passive shoulder motion for 6 weeks after which we ceased brace application and initiated muscle strengthening of the deltoid and external rotator muscles.
To assess the preoperative and the final follow-up clinical outcomes we measured the following shoulder ROMs, forward elevation, abduction, and external rotation, and shoulder function using the American Shoulder and Elbow Surgeons (ASES) score and the Korean Shoulder Society (KSS) score. To assess radiological parameters, we analyzed preoperatively and at the final follow-up the results of magnetic resonance imaging (MRI) and computed tomography (CT) using the anteroposterior (AP) view and the axial view of the shoulder. Through the radiographs, we sought to see whether the two complications commonly associated with RTSA, scapular notching and loosening of the glenoid baseplate, had occurred.
To analyze the glenoid size in the Korean patients, we examined the CT scan images of those who had received a CT scan for rotator cuff arthropathies. A total of 56 patients, 12 men and 44 women, with a mean age of 71.4 ± 4.9 years (range, 61-80 years) were assessed. Taking the bare spot as the center of a hypothetical circle, we measured the maximal superoinferior (SI) diameter of the glenoid possible within the given space at the en face view of the 3-dimension CT images. Further, we measured the AP diameter of this hypothetical glenoid circle when its maximal AP alignment was parallel to the sub-glenoid line (Fig. 3) . The SI and the AP diameters were measured twice in all the patients by the same observer, and the mean and the standard deviation of the two measurements were compared to those of previous studies. The pre-and post-operative results were analyzed statistically using the Wilcoxon signed rank test, and statistical significance was set to p<0.05.
All statistical tests were run on IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA).
Results
We found that the glenoids of the female patients had a mean SI diameter of 33.1 ± 2.0 mm and an AP diameter of 24.7 ± 1.4 mm and that the glenoids of the male patients had a mean SI diameter of 34.9 ± 1.3 mm and an AP diameter of 26.8 ± 1.0 mm. Altogether, the mean SI diameter of the glenoid in all the patients was 33.4 ± 2.0 mm and the mean AP diameter, 25.0 ± 1.5 mm ( Table 1 ). The anterior cortical screw showed a mean length of 25.7 mm, the posterior cortical screw, 19.8 mm, the superior locking screw, 33.5 mm, and the inferior locking screw, 33.3 mm. We found that the mean ASES score increased significantly from a preoperative score of 35.0 ± 12.1 to a final follow-up score of 74.4 ± 10.7 (p<0.001). The mean KSS score also improved significantly from a preoperative score of 46.9 ± 15.7 to a final follow-up score of 71. Table 2) . At the final follow-up X-ray, we did not find evidence for loosening of the glenoid baseplate or scapular notching in any of the Fig. 3 . A computed tomography image of the glenoid was taken in the en face view. The bare spot was used as the center of the hypothetical circle with which the glenoid size was measured. Values are presented as mean ± standard deviation.
patients. Intraoperatively, we found an indentation of the metadiaphysis of the proximal humerus in 2 patients (12%) whilst loosening of the humeral component was found in none. Other complications such as hematoma, infection, instability, acromial fracture, and humeral component loosening were not observed.
Discussion
In our study, we treated patients with rotator cuff arthropathies or with massive irreparable rotator cuff tears using a 25-mm baseplate rather than using the more established 29-mm baseplate to perform RTSA. We found that the clinical outcomes of RTSA in our study were similar to those of previous studies. In any of the patients did we find complications commonly associated with RTSA such as scapular notching and loosening of the baseplate component, but because our study design comprised a relatively short follow-up period the possibility that with a longer follow-up patients may present with complications cannot be overruled.
Scapular notching is the most common complication associated with RTSA occurring in 0% to 96% of patients. Studies have shown that the longer the follow-up the greater the prevalence of scapular notching. Scapular notching, erosion of the lower scapular neck, relates to a mechanical collision that occurs between the scapula and the humeral component during adduction and during rotation motions of the arm.
11) Polyethylene components of RTSA have been shown to induce osteolysis, thereby, accelerating scapular notching. 19) A massive scapular notching can not only influence clinical outcome but also induce loosening of the glenoid component. 20) In their results of a 44-month follow-up study, Sirveaux et al. 11) found that 65%
of 77 patients presented with postoperative scapular notching. Lévigne et al. 21) found that 62% of 337 patients had scapular notching and that the longer follow-up the greater the chances were to detect the prevalence of scapular notching. The factors to do with the glenoid component that are causative of scapular notching include the extent of glenosphere offset, the tilt of the humeral component, and the position of the glenoid component. Studies have investigated the optimal design of the glenoid component, of the component position, and of the screw fixation in the aim to increase stability of the impacted glenoid component and to decrease the incidence of scapular notching, and thereby glenoid component loosening. [22] [23] [24] [25] Frankle et al. 26) found that by offsetting the center of rotation externally they did not observe scapular notching even at the 33rd month of follow-up. However, when the rotator center is externally displaced a greater than usual torque is placed on the glenoid component which makes patients with osteoporosis more susceptible to glenoid component loosening. Rather, it has been shown that the perpendicularity of the humeral component is more efficient at decreasing the collision between the humeral prosthesis and the scapula than the tilting of the humeral component, but the former can cause instability during abduction of the shoulder. Nyffeler et al. 27) suggested that placing the glenoid baseplate more inferiorally can reduce the risk of scapular notching. To increase stability of the glenoid component after fixation, the size and shape of the glenoid must be taken into consideration as well as other factors influencing the cementation of the component. For instance, glenoid bone loss or glenoid erosion can be observed in most patients with rotator cuff arthropathies or with massive irreparable rotator cuff tears; this decreases the surface area of contact between the glenoid and the glenoid baseplate and the bony support. Such factors contribute to the loss in initial fixation of the glenoid component. The glenoid size in women is significantly smaller than that in men, which is especially true in the Asian population. The commonly used 29-mm baseplate in RTSA, which may be appropriate for men, tends to be too large for the average glenoid in Asian women. 18, 28, 29) The success of initial fixation of the glenoid baseplate is influenced largely by screw position and the integrity of the glenoid bony structure. The consequence of a relatively small glenoid in comparison to the glenoid baseplate is loosening of the glenoid component resulting from an insufficient surface area for contact between the bony structure and the component and from insufficient fixation of the AP screws. DiStefano et al. 25) proposed the following ideal screw lengths for the fixation of the glenoid baseplate: a 35 mm superior screw, a 34 mm inferior screw, a 29 mm anterior screw, and a 19 mm posterior screw. Through biomechanical studies on freshly frozen cadavers, Chae et al. 18) found that a 25-mm glenoid baseplate can be used with longer fixation screws than a 29-mm glenoid baseplate. By using longer fixation screws, the use of 25-mm glenoid baseplate essentially increases the primary stability of the glenoid component and decreases the chances of collision between the scapular bone and the component, which is a problem especially incurred by Asians with small glenoids. Ji et al. 28) reported that in 42 patients who received RTSA using a 29-mm glenoid baseplate, 35% of patients exhibited scapular notching. In their study the use of a large glenoid baseplate compared to the small glenoid meant that the following screw lengths were used: a 35 mm superior screw, a 30 mm inferior screw, a 26 mm anterior screw, and a 21 mm posterior screw. They found that only 60% of patients ended up with stable screw fixation. These findings highlight the need for a more appropriate glenoid component during RTSA for Asian patients.
In this study, we used a 25-mm glenoid baseplate and positioned it as inferiorally as possible in the glenoid and then implemented the RTSA. In terms of the clinical outcome, we observed a similar extent of improvement of symptoms as those seen in previous studies. We found that scapular notching did not appear in all 17 patients; this low incidence may be because, like in the study by Chae et al., 18) of the use of a small glenoid baseplate that may have increased the chances of the collision between the scapular bone and the humeral component during adduction and rotation. We also found that loosening of the glenoid component were not seen in any of the 17 patients. But the postoperative findings were assessed only until 14 months, which is a relatively short period to assess occurrence of postoperative outcomes and complications. Yet we also believe that the low rate of complications and early glenoid baseplate stability may be attributed to the use of the Korean glenoid size matched-glenoid baseplate, which provided an average screw length of 33.5 mm at the superior plate, 33.3 mm, at the inferior plate, 25.7 mm, at the anterior plate, and 19.8 mm, at the posterior plate. In any of the patients did we find complications commonly associated with RTSA such as scapular notching and loosening of the baseplate component, but because our study design comprised a relatively short follow-up period the possibility that with a longer follow-up patients may present with complications cannot be overruled. Moon et al. 30) reported that the glenoids in the Korean women have a mean SI diameter of 30.0 ± 2.3 mm and a mean AP diameter of 24.5 ± 0.8 mm. Ji et al. 28) reported that glenoids in Korean women of age greater than 60 years have a mean radius of 13.5 ± 1.7 mm. In accordance to these studies, we found that the glenoids in female patients with rotator cuff arthropathies have a mean SI diameter of 33.1 ± 2.0 mm and a mean AP diameter of 24.7 ± 1.4 mm. Altogether, the findings of other authors and those of ours show that the average glenoid size in Koreans, especially that of Korean women, is small and that the use of the 29-mm glenoid baseplate thus far would have resulted in a large mismatch in the glenoid and baseplate size. In comparison, the 25-mm glenoid baseplate, which is of better match to the glenoids of the Korean population, can be anticipated to provide a better glenoid baseplate fixation. There are several limitations to this study. For instance, the study encompassed a small sample number, the putative advantages of the 25-mm glenoid baseplate relative to that of the 29-mm glenoid baseplate were not investigated, and the mean follow-up period was only 14.0 months. Considering that the prevalence of scapular notching and glenoid baseplate loosening may increase with time, this follow-up period was probably a less-than-sufficient period with which to conclude an accurate prevalence of complications. Thus, prospective studies with a greater study population number and a longer follow-up are needed. Another limitation is that although our study addressed patients with rotator cuff arthropathies we did not consider the potential error introduced by varying extents of glenoid bone loss or of glenoid curvature on baseplate fixation and on the clinical outcomes. Thus, further studies are required to delineate such influences in a systematic approach. In addition, because the number of patients who were followed-up for more than 1 year was only 20 (48.8%) in our study, the low N number means that a possibility of selection bias due to an over-representation of patients with favorable outcomes cannot be ruled out. This can be overcome by carrying out a subsequent study that analyzes the postoperative results of the rest of the patients who were not initially enrolled in the study because they had not participated in the 1-year follow-up.
Conclusion
In sum, we found that RTSA using a 25-mm glenoid baseplate for patients with rotator cuff arthropathy or with massive irreparable rotator cuff tears is associated with favorable clinical outcomes. Complications such as scapular notching and loosening of the baseplate were not found, but given that this was a short-term follow-up study a longer observance of the patients may be needed. Considering that the glenoid of the Korean patients, which has a mean AP diameter of 25.0 ±1.5 mm, exhibits a comparable match in size to the 25-mm glenoid baseplated used in this study, we believe that the 25-mm glenoid baseplate with its greater congruence to the average Korean glenoid size may provide the basis for enhanced clinical outcomes after RTSA.
